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(54) Microwave absorber ' * 

f57) A microwave absorber 1 0 is provided comprising a sheet 1 2 of electro magnetically lossy material arranged on a metal 
surface 14 The sheet 12 incorporates within h a two dimensional array of dipoles 16 at a constant distance from the sheet 
surface is! In the absence of the array of dipoles 16. the sheet 12 acts as a conventional tuned microwave absorber. The 
array of dipoles 16 is arranged to produce resonant reflection at a higher frequency than that of the conventional absorber 
equivalent to the sheet 12. The combination absorber 1 0 accordingly simulates two absorbers tuned to different 
frequencies, but with the thickness of only the lower frequency absorber.. 
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drawing originally tiled was informal and the print reproduced here is taken from a later filed formal copy. 
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MICROWAVE ABSORBER 

This invention relates to a microwave abosrber of the kind used to 
reduce reflection of microwave power from metal surfaces. 

Conventional microwave absorbers can be divided into two basic types, 
broad band and narrow band devices. The broad band type operates 
over a wide frequency range but is undesirably bulky. The narrow 
band 'or resonant type consists of a single thin layer of electro- 
' magnetically lossy or absorbing material with an electrically 
conducting backing. An electromagnetic wave incident on the front 
surface of the layer is partially reflected and partially, transmitted 
to the backing for reflection once more. The back-reflected wave 
passes through the absorbing material and is recombined with the 
front-reflected wave. These two will be in antiphase and therefore 
cancel at a particular frequency dependent on the thickness and 
electromagnetic parameters on the absorbing material. In practice, 
the thickness of the absorbing layer is adjusted or tuned to produce 
cancellation at a desired frequency. The thickness is approximately 
one quarter of the wavelength • in the absorbing mater ial , hence the 
commonly used term "quarter-wave absorber". This is not, however, 
an exact relationship, since the accuar-^k^re^ired^ractxce 
depends on the relative preponderance of magnetic or dielectric 
loss. Such losses are essential to absorb the incident energy. 
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The quarter wave absorber has the disadvantage that.it produa 
significant reflection only over a narrowband of frequencies, 
reflection can be high in this band, in excess of 20dB;.for many 
purposes, however, the requirement is for reflection over a wider 
band, and only a moderate degree of reflection is required. To extend 
Che bandwidth of reflection, it is possible to employ a multilayer 
arrangement of quarter wave absorbers. This, however, merely 
reintroduces the size and weight penalties of coventional broad band 
absorbers. 

It is an object of the invent ion : to .provide, an alternative form of 
microwave absorber. t 

The present invention provides a microwave absorber including:- 

1 a sheet of electromagnet ically absorbing material arranged 
to produce reflection cancellation; and 

2 a two dimensiorial array of electrically conducting elements 
arranged within the sheet. at a constant distance' from its 

. surface to broaden reflection loss bandwidth. 



The invent ibn provides the advantage that it produces ant irTflcfftxon 
properties similar to two narrow band absorbers in series while 
having the thickness of only .the lower, frequency of the two. 

The invention may include two or more two dimensional arrays of 
discrete electrically conducting elements each arranged at a 
respective constant distance. from the sheet outer surface and 
producing maximum reflection at a respective frequency higher than the 
firstl This produces an effect .similar to multiple narrow band 
absorbers in series, but with the thickness of only the lowest 
frequency device. * 
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The electrically conducting elements may be in the form of individual 
antenna-like devices resonant. at the second frequency to be reflected. 
Each may be a dipole or a pair of crossed dipoles. 

05 In order that the invention might be more fully understood, an 
embodiment thereof will now be described, with reference to the 
accompanying drawings, in which:- 

■Figure 1 is a schematic view of a microwave absorber of the 
10 - invent ion ; 

Figure 2 illustrates an array of dipoles incorporated in the 

absorber of Figure 1; 
Figure 3 is a graph of reflection coefficient against frequency 
for the dipole array of Figure 2 when located in a 
15 continuous medium; 

Figure 4 shows graph of reflection loss against frequency for an . 

absorber of the prior art compared with the like for the 
invention; and 

Figure- 5 is a sectioned three dimensional view of the absorber 
20 of Figures 1 and 2. 



Referring to Figure 1, there is schematically shown a sectional view 
of a microwave absorber 10 o£ the invention. The abosrber 10 consists 
of a sheet 12 of material which is electromagnecical ly lossy at 

25 microwave frequencies.. The sheet 12 is 9.5mm thick, with a permeabil- 
ity of (1.04 - 30.255) and a pexnnitty of(4.7 - jO.185) at 12.5 GHz. The 
material is manufactured by Emerson and Cuming, an American company, 
and designated MF112. The sheet 12 is laid over a metal surface 14 
from which it is required to reduce reflection. A two dimensional 

30 array of dipoles 16 is arranged within the sheet 12 parallel to the 
latter's surfaces 18 and 20 at distances 8mn, and 1.5mm respectively. 
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Referring now also to Figure 2, the array* of dipoles 16 is shown in 
plan. The dipoles are each 5.4mm long with 8.1mm spacing between 
adjacent dipole centres in both vertical and horizontal directions. 

The microwave absorber 10 operates as follows. In the absence of the' 
array of dipoles 16, the sheet 12 would constitute a resonant absorber 
for a frequency of 10.2GHz. The array of dipoles 16 if located in a 
continuous medium would reflect in accordance with the Figure 3 graph 
30 of reflection coefficient T against frequency. The graph 30 has a 
singie peak 32 at a resonant frequency f r and falls either 
side. At f r , the array of dipoles 16 simulated a continuous conduct- 
ing layer, but is transparent to radiation having a frequency far from 
f r . The microwave absorber 10 accordingly incorporates a true metal, 
reflecting surface 14 together with a simulated reflector for 
frequencies near f r . With the dipole array dimensions previously 
quoted, and with the array located in a continous medium having the 
electromagnetic characteristics of the material MF112, f r is 1 2 . 5GHz . 

Referring now to Figure 4, there are shown graphs 40 (solid line) and 
42 (chain line) of reflection loss against frequency for the sheet 
12 and metal reflector 14 with and without the array of dipoles 16. 
Graph 42 accordingly corresponds to a prior art resonant absorber. A 
horizontal dotted line 44 indicates a reflection loss of lOdB. 
Vertical dotted lines 46a/46b and 48a/48b indicate where graphs 40 
and ^2 cross the line 44. Graph 42 is above lOdB in the interval 
8.95 to 11.6GHz approximately, and the corresponding interval for 
graph 40 is 8.3 to 12.7GHz. The 10dB level reflection loss bandwidth 
is accordingly increased from 2.65 to 4.4GHz, or over 65%. ' 
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lt will be appreciated from electromagnetic theory that the array of 
dipoles 16 will have reflection properties which are sensitive to the 
polarization of the incident wave. The foregoing description assumed 
that the incident electric vector was parallel to the length of each 
05 dipole. To avoid polarization sensitivity, crossed dipoles may be 

employed. Moreover, other antenna-like devices may be used provided 
they are arranged as a reflecting array of discrete electrically 
conducting elements. . . ■ 

10 To extend the reflection loss bandwidth further, the sheet .12 of 
Figure T may incorporate a plurality of arrays of electrically 
conducting elements such as 16. The arrays would be located at 
respective distances from the sheet surface 18 and be arranged for 
reflection at respective resonant frequencies. 

Referring now to. Figure 5, in which parts previously mentioned are 
like referenced, there is shown a three dimensional view of the 
absorber 10 described with reference to Figures. 1. and 2. The 
absorber 10 is shown with a section of the lossy sheet 12 removed to 
20 expose the dipole array 16. The material of the sheet 12 is indicated 
w here i nter n airl y-ex po s e d-b-y-a-dat^attenu _ 
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A microwave absorber including: - 

(1) a sheet of elec tromagne t ical ly absorbing material 
arranged to produce reflection cancellation; and 

(2) a two dimensional array of electrically conducting 
elements arranged within the sheet at a constant 
distance from its surface to broaden reflection loss 
bandwidth. * 



2. A microwave absorber according to Claim 1 including at least 
one additional two dimensional array of electrically conducting 

15 elements within the sheet at a constant distance from its 

surface. 

3. A microwave absorber according to Claims 1 or 2 wherein the 
electrically conducting elements are insensitive as regards 
reflection to the polarization of incident electromagnetic 
radiation. 



4. A microwave absorber according to Claim 3 wherein the 

electrically conducting elements are crossed dipoles. 
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Amendments to the claims have been filed as follows 

05 1. A microwave absorber including:— 

(1) a sheet of electromagnetically absorbing material of thickness 

appropriate to produce reflection cancellation at a first frequency, and 

10 (2) a two dimensional array of electrically conducting elements located 

within the sheet at a substantially constant distance from its surface, 
the array being arranged to produce resonant reflection at a second 
frequency higher than the first frequency such that the absorber 
simulates at least two narrow band absorbers. 

15 

2. A microwave absorber according to Claim 1 including at least one 
additional two dimensional array of electrically conducting elements within 
the sheet at a constant distance^ from its surface. 

20 3. A microwave absorber according to Claims 1 or 2 wherein the electrically 
conducting elements are insensitive as regards reflection to the polarization 
of incident electromagnetic radiation. 

4. A microwave absorber according to Claim 3 wherein the electrically 
25 conducting elements are crossed dipoles. 

• & 

5. A microwave absorber substantially as herein described with reference to 
the accompanying drawings. 

30 
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